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Background:  Marathon runners (MTN) and patients with moderate chronic, compensated mitral regurgitation (MR) represent physiologic and 
pathologic eccentric left ventricular (LV) remodeling, respectively. How myocardial mechanics maintain an elevated stroke volume in the two 
conditions remains to be elucidated. We hypothesized that torsion and strain differ significantly in MR vs. MTN hearts.
Methods:  Magnetic resonance imaging with tissue tagging and 3D analysis was performed in 19 MTN (45 ± 14y, 47% male) at rest, 38 MR (39 ± 
10y, 53% male) and 55 controls (54 ± 9y, 47% male).
Results:  As shown in Table, although LV end diastolic (ED) and end systolic (ES) volume index were similarly elevated in MR and MTN, MR had 
increased LV volume/mass, greater LV global and apical sphericity vs. MTN and controls. LV stroke volume, peak early filling and ejection rates were 
increased in MTN and MR vs. controls, while LV ejection fraction (>55% in all groups) was greater in MR vs. MTN. Furthermore, despite similarly 
increased LV ES wall stress in MTN and MR vs. controls, MTN had lower ES maximum shortening, apical rotation and normalized torsion vs. MR.
Conclusion: MR hearts maintain higher ejection indices despite adverse LV remodeling and higher wall stress. Compared to the conically shaped 
and more efficient MTN hearts, MR hearts accomplish a similar increase in stroke volume through greater strain and torsion which may be secondary 
to ejection into the low pressure left atrium but not sustainable in the long term. 
Table.Comparisons of myocardial geometry and functional parameters among Controls, MTN and MR
Parameters (units) Controls (n=55) MTN (n=19) MR (n=38)
P value
Controls vs.MTN Controls vs. MR MTN vs. MR
LVED volume index(ml/m2) 67.4±1.56 91.82±3.51 92.21±3.18 <0.0001 <0.0001 NS
LVES volume index(ml/m2) 23.87±0.88 37.05±1.96 34.19±1.26 <0.0001 <0.0001 NS
LV stroke volume index(ml/m2) 43.82±1.02 58.76±1.83 58.13±2.15 <0.0001 <0.0001 NS
LV ejection fraction(%) 63.35±0.92 56.47±0.81 62.31±0.92 <0.0001 NS 0.0016
LVED volume/mass(ml/gm) 1.41±0.05 1.38±0.06 1.69±0.05 NS 0.0002 0.0022
LVED sphericity index 1.76±0.02 1.80±0.04 1.53±0.02 NS <0.0001 <0.0001
LVED apex curvature (1/cm) 1.45±0.05 1.36±0.06 0.96±0.05 NS <0.0001 <0.0001
LV peak early filling rate (ml/sec) 372±15 437±30 385±22 NS NS NS
LV peak ejection rate(ml/sec) 394±11 436±28 480±22 NS 0.0007 NS
LVES wall stress(1000N/m2) 9.79±0.33 11.40±0.50 12.05±0.42 0.04 0.0001 NS
LVES maximum shortening(%) 20.65±0.24 19.48±0.33 21.03±0.41 NS NS 0.021
LV apex rotation(°) 9.87±0.49 7.63±0.59 10.43±0.55 0.04 NS 0.012
LV normalized torsion(°) 4.66±0.15 3.67±0.24 4.78±0.20 0.0035 NS 0.0019
Results are presented as mean ± standard error. A P value < 0.05 is considered significant. NS = not significant.
